In this paper it is proposed an interrogation system based on OTDR for fiber loop mirror intensity sensors. The system has been characterized in order to obtain its maximum dynamic range. The technique demonstrated good linearity with a -13.3 dB/mm slope. A 0.027 mm resolution was achieved. The proposed interrogation system permits multiplexing of around 10 sensors and showed to be an alternative technique for multiplexing and remote sensing.
INTRODUCTION
Optical Time Domain Reflectometer (OTDR) is the most utilized equipment to measure distributed losses in optical fibers. It uses the Rayleigh scattered light to determine the attenuation of optical fiber links. OTDR is also useful to localize events, breaks and to evaluate splices and connectors 1 . Due to these advantages and since OTDR is a simple, easy and ready to be used tool, it has also been the starting point of distribution sensing techniques 1 . As interrogation system, OTDR has been utilized in different configurations. One of the most common is to use fiber Bragg grating (FBG) and/or long period grating (LPG) with OTDR 2, 3 . Recently, Gong at al 2 proposed a multi-point strain measurement system based on OTDR and FBG. Another approach employs OTDR to interrogate Fabry-Perot sensors 4, 5 . Also important is to exploit the application of the fiber loop mirror (FLM) with OTDR 6 . Finally, a significant function of the OTDR is to enable multiplexing 7, 8 and remote sensing [8] [9] interrogation. OTDR trace loss 8, [10] [11] [12] or reflection peak variation 7, 9 are the most attractive techniques for interrogation when OTDR are used. In the case of the OTDR trace loss and considering multiplexing and remote sensing there is a compromise between the number of sensors to be multiplexed and the distance between sensors and OTDR since the loss introduced by the sensors will be a serious limitation to the system. OTDR reflection peak variation does not present such limitation.
In this paper, it is presented an interrogation system based on OTDR to interrogate fiber loop mirror intensity sensors. The proposed scheme used the information contained in the OTDR reflection peak variation to evaluate the sensor still allowing multiplexing and remote sensing. In this work, a tapered displacement sensor was interrogated by the system. The results show good linearity with a -13.3 dB/mm slope, a resolution of 0.027mm and the possibility of multiplexing around 10 sensors.
EXPERIMENTAL RESULTS
The experimental setup of the proposed interrogation system is shown in Figure 1 . A commercial OTDR from YOKOGAWA, Inc model AQ 1200 OTDR -Multi Field Tester is used to interrogate an intensity taper sensor. 5.5 km of Corning SMF-28 fiber is connected to the OTDR to permit remote sensing. An optical coupler is connected at the fiber output. 10% optical power is used to illuminate the sensor. The 90 % output port of the coupler enables multiplexing. 11.3 km of Corning SMF-28 fiber is connected to that coupler output port. To simulate an intensity sensor Figure 2a no reflection is present after the first coupler but the loss due to it is evidenced and around 2.5 dB. Using the proposed scheme, and despite such loss, it is possible to attain multiplexing of around 10 sensors. In Figure 2b it is clear the reflection peak due to the FLM and the Fresnel reflection after the 11.3 km fiber. It will be explored the reflection peak due to the FLM to interrogate the sensor. In order to optimize the OTDR parameters (optical signal) it was evaluated the dynamic range of the FLM peak reflection by varying the input signal and its pulse width. The FLM reflection peak dynamic range as a function of the input signal attenuation is shown in Figure 3a . It is observed that input signal attenuation between 10 and 15 dB allows obtaining a maximum dynamic range of around 15 dB. Figure 3b illustrates the FLM reflection peak dynamic range as a function of the OTDR input signal pulse width. It is verified that smaller pulse width results in higher dynamic range. A pulse width of ~ 100 ns enabled to attain an even better dynamic range of ~ 18 dB. In both curves, the dots present the experimental results and the solid line is a fitting curve. The optical losses in the FLM reflection peak as a function of the displacement sensor are presented in Figure 4 . The results show a linear behavior with a slope of -13.3 dB/mm. These measurements also enabled to achieve the resolution of the proposed interrogation system which is 0.027 mm. 
CONCLUSIONS
In this paper it was proposed an interrogation system based on OTDR for fiber loop mirror intensity sensors. The scheme was characterized in order to obtain its maximum dynamic range. It was achieved a maximum value of 15 dB when input signal attenuation of around 10 dB is used. Pulse width of ~ 100 ns enabled to attain an even better dynamic range of ~ 18 dB. Despite the coupler losses, 2.5 dB, the proposed scheme permits multiplexing of around ten sensors. The technique demonstrated good linearity with a -13.3 dB/mm slope. A 0.027 mm resolution was achieved. The proposed interrogation system showed to be an alternative technique for multiplexing and remote sensing.
